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ABSTRACT 

We present the XMM-Newton follow-up for confirmation of Planck cluster candidates. Twenty-five candidates have been observed to date using 
snapshot (~10 ksec) exposures, ten as part of a pilot programme to sample a low range of signal-to-noise ratios (4 < S/N < 6), and a further 15 in a 
programme to observe a sample of S/N > 5 candidates. The sensitivity and spatial resolution of XMM-Newton allows unambiguous discrimination 
between clusters and false candidates. The 4 false candidates have S/N < 4.1. A total of 21 candidates are confirmed as extended X-ray sources. 
Seventeen are single clusters, the majority of which are found to have highly irregular and disturbed morphologies (about ~ 70%). The remaining 
four sources are multiple systems, including the unexpected discovery of a supercluster at z = 0.45. For 20 sources we are able to derive a redshift 
estimate from the X-ray Fe K line (albeit of variable quality). The new clusters span the redshift range 0.09 < z < 0.54, with a median redshift 
of z ~ 0.37. A first determination is made of their X~ray properties including the characteristic size, which is used to improve the estimate of 
the SZ Compton parameter, Y^qq. The follow-up validation programme has helped to optimise the Planck candidate selection process. It has also 
provided a preview of the X-ray properties of these newly-discovered clusters, allowing comparison with their SZ properties, and to the X-ray 
and SZ properties of known clusters observed in the Planck survey. Our results suggest that Planck may have started to reveal a non-negligible 
population of massive dynamically perturbed objects that is under-represented in X-ray surveys. However, despite their particular properties, these 
new clusters appear to follow the Fsoo-ix relation established for X-ray selected objects, where Yx is the product of the gas mass and temperature. 

Key words. Cosmology: observations - Galaxies: cluster: general - Galaxies: clusters: intracluster medium - Cosmic background radiation. X-rays: 
galaxies: clusters 
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1. Introduction 

The Planci^ satellite has been surveying the sky across nine fre- 
quencies in the microwave band since August 2009. The result- 

* Corresponding author; e-mail: etienne.pointecouteau@irap.omp.eu 
' Planck (http://www.esa.int/Planckl is a project of the European 
Space Agency (ESA) with instruments provided by two scientific con- 
sortia funded by ESA member states (in particular the lead countries: 
France and Italy) with contributions from NASA (USA), and telescope 



ing data set allows the detection of galaxy clusters through the 
Sunyaev-Zeldovich (SZ) effect (Sunyaev & Zeldovich 197^, 
the spectral distortion of the cosmic microwave background 
(CMB) generated via inverse Compton scattering of CMB pho- 
tons by the hot electrons in the Intra-Cluster Medium (ICM). 
The total SZ signal is expected to be closely related to the clus- 



reflectors provided in a collaboration between ESA and a scientific con- 
sortium led and funded by Denmark. 
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ter mass (e.g.. Ida Silva et al ] 12001 and its brightness is insen- 
sitive to redshift dimming. As a result, SZ surveys can poten- 
tially provide unbiased cluster samples, covering a wide range 
of redshifts, that are expected to be close to mass-selected. As 
compared to other SZ instruments, Planck brings a unique nine- 
band coverage from 30 to 857 GHz and a relatively high, band- 
dependent spatial resolution of 5-10 arcmin. Most crucially, the 
Planck SZ survey covers an exceptionally large volume, being 
the first all-sky survey capable of blindly detecting clusters since 
the ROSAT All-Sky Survey (RASS) in the X-ray domain. As 
a consequence, Planck is detecting previously unknown, mas- 
sive clusters that do not appear in other SZ surveys. Its all-sky 
coverage allows detection of the rarest clusters, the most mas- 
sive objects lying in the exponential tail of the mass function. 
These are the best clusters for precision cosmology: their abun- 
dance evolution is the most sensitive to the cosmological param- 
eters (IVoitll2005h . a nd their gas mass fractions can be used as 
distance indicators (lAllen et al.ll2008h . In addition, clusters in 
this high-mass regime are X-ray bright, making their observa- 
tion easier, and their ICM is expected to be the least affected 
by non-gravitational processes. These newly-discovered Planck 
clusters will thus also be ideal targets for studying the physics of 
the gravitational collapse that drives all cluster formation. 

The Planck survey is providing a sample of cluster candi- 
dates. Any such survey sample is expected to include a frac- 
tion of false detections, due for example to fluctuations in the 
complex microwave astrophysical sky. In addition, as a result 
of Planck's moderate spatial resolution at SZ frequencies with 
respect to typical cluster sizes, a Planck cluster candidate SZ 
measurement essentially provides only coordinates and total SZ 
flux estimates; these estimates are further hampered by the flux- 
size de generacy discussed extensively in iPlanck Collaboration! 

leh . A vigourous follow-up programme is therefore required 
to scientifically exploit Planck cluster candidate data. Such a 
programme includes candidate confirmation, which is the final 
part of the catalogue validation, in addition to redshift mea- 
surements, estimation of relevant physical parameters (including 
cluster size, allowing precise SZ flux estimates), and investiga- 
tion of scaling properties. In particular, measurement of the re- 
lation between the SZ 'luminosity' and the mass as a function 
of redshift, z, is essential for calculation of the survey selection 
function and for related cosmological applications. 

The all-sky nature of the Planck survey means that confir- 
mation and redshift measurement of cluster candidates is not a 
trivial task. In the optical domain, the only publicly available 
large survey is the Sloan Digital Sky Survey (SDSSjj. Although 
cross-correlation with this survey can be used to confirm can- 
didates up to z ~ 0.6, it covers only part of the northern sky. 
Furthermore, optical confirmation is hampered by the relatively 
large Planck source position uncertainty, which can be up to 5' 
dPlanck Collaboration! 1201 1^ . To discriminate between a true 
counterpart and a chance association with low-mass systems at 
various redshifts within the Planck error box, optical mass and 
spectroscopic redshift or photometric redshift estimates with a 
wide-field, multi-band, instrument are required. 

In contrast, confirmation in X-rays offers definite advan- 
tages. Above the Galactic Plane, the detection of extended X- 
ray emission is an unambiguous signature of a cluster, and the 
density-squared dependence of the X-ray emission reduces pro- 
jection effects nearly to zero. Furthermore, the low space den- 
sity of groups and clusters in a typical X-ray exposure makes 
spurious association with a Planck candidate unlikely. For in- 



^ http://www.sdss.org/ 



stance, the XMM-LSS survey foun d 29 systems in 5 de g^ using 
10 ksec XMM-Newton exposures (!Pacaud et al.!!2007h . Such a 
detection rate corresponds to only a 10 per cent probability of 
finding a cluster by chance within a 5' aperture, the conservative 
Planck error box. Finally, as both X-ray and SZ observations 
probe the same medium, spurious associations can be readily as- 
sessed from a consistency check between the X-ray and SZ flux, 
assuming a reasonable redshift range (as illustrated in Sec. 13.2b . 

In thi s context, and beca use of its superior sensitivity, XMM- 
Newton (!jansen et al 1 12001!) is the best instrument for follow- 
ing up newly-detected Planck clusters up to high redshift. A 
short snapshot XMM-Newton exposure is sufficient to confirm 
any Planck cluster candidate at least up to z = 1 .5 (Sec. 12.4b . 
and for the X-ray brightest objects, provides the source redshift 
from the iron K line (Sec 14. lb . Because of their high mass, clus- 
ters are expected to be larger than 1 ' and the XMM-Newton spa- 
tial resolution is sufficient to discriminate between a point source 
and extended emission. 

In order to assess the galaxy cluster nature of the Planck SZ 
sources and to help guarantee the integrity of the final Planck 
SZ legacy catalogue to be released in 2012, we have thus pro- 
posed to use XMM-Newton to confirm the highest significance 
cluster candidates discovered by Planck. This validation pro- 
gramme consists of snapshot (~ 10 ksec) observations and is un- 
dertaken via an agreement between the ESA XMM-Newton and 
Planck project scientists. In this paper we present the definition 
and results of this programme. To date, 25 Planck SZ sources 
have been observed, making use of XMM-Newton Director's 
Discretionary Time. Of these, 21 sources have been confirmed. 
In compliance with Planck policies for follow-up, the XMM- 
Newton data of the 25 Planck sources are made public along with 
the publication of the Early Release Compact Source Catalogue 
(ERCSC). 

The XMM-Newton follow-up for validation is the backbone 
of a larger programme for the confirmation and redshift measure- 
ment of Planck SZ cluster candidates. The Planck collaboration 
has also been granted time on the following facilities: the ENO, 
the ESO/MPG 2.2 m and the Palomar telescopes. Observations 
with these facilities are ongoing or being processed. Some op- 
tical results from the ENO observations are presented together 
with the XMM-Newton results in this paper (Sect. l4.2l and lA.lb . 
Other ea rly astrophysics result s on clu sters of galaxies are pre- 
sented in lPlanck Collaboration! (!201 le!lllgllhh . 

We adopt a ACDM cosmology with Hq - 70 km s ' Mpc ' , 

Qm = 0.3 and Qa = 0.7. The factor E{z) = V^^m(1 + z)^ + i^A 
is the ratio of the Hubble constant at redshift z to its present day 
value. The quantities /W500 and /?5oo are the total mass and radius 
corresponding to a total density contrast 6 = 500, as compared 
to Pciz), the critical density of the Universe at the cluster red- 
shift; thus Msoo = (47T / 3) 500 pc(z) RIqq. The quantity Yx is de- 
fined as the product of /Wg.soo, the gas mass within R500, and Tx, 
the spectroscopic temperature measured in the [0.15-0.75] Rsqo 
aperture. The SZ signal is characterised by Ksoo throughout. This 
quantity is defined as YsoqD-^ - {crilm^c^) J PdV. Here Da is 
the angular-diameter distance to the system, ctj is the Thomson 
cross-section, c is the speed of light, nje is the electron rest mass; 
P = nf.T is the pressure, the product of the electron number 
density and temperature, and the integration is performed over 
a sphere of radius R50Q. The quantity isoo D^ is the spherically 
integrated Compton parameter and Ysm is proportional to the ap- 
parent magnitude of the SZ signal from within Rsoo- 
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Table 1: Observation log of the XMM-Newton validation follow-up. The 10 targets of the pilot programme are listed first. Column (1): Planck 
source name. Asterisked objects denote sources that were found to be multiple systems in X-rays. Column (2): Signal-to-noise ratio of the detection 
of the Planck cluster candidate in the version of the Planck-HFl maps available for each programme. Columns (3) and (4): Right ascension and 
declination of the Planck source (J2000). Columns (5)-(8): XMM-Newton observation identification number, filter used, on-source exposure time 
with the EPN camera and fraction of useful time after cleaning for periods of high background due to soft proton flares (EMOS and EPN camera, 
see also Sec. l2.5t . Column (9): Confirmed clusters are flagged. Those included in the ESZ sample jPlanck Collaboratiorj2011eh are also identified. 



Name 


S/N 


RAsz 


DECsz 


OBSID 


filter 




Clean fraction 


Confirmed 






(deg) 


(deg) 






(ks brJN ) 


(MuS/bPN) 






PLCK G277.8-51.7 


6.1 


43.596 


-58.964 


0656200301 


THIN 


16.5 


0.5/0.2 


Y 


ESZ 


PLCK G334.8-38.0* 


4.9 


313.177 


-61.202 


0656200701 


THIN 


21.2 


0.8/0.5 


Y 




PLCK G250.0-H24.1 


4.9 


143.042 


-17.647 


0656200401 


THIN 


10.4 


0/0 


Y 




PLCK G286.3-38.4 


4.7 


59.800 


-72.067 


0656200501 


THIN 


13.6 


0.7/0 


Y 




PLCK G004.5-19.5 


4.6 


289.226 


-33.509 


0656201001 


MED 


10.0 


1/0.6 


Y 




PLCK G214.6+36.9* 


4.2 


137.206 


14.642 


0656200101 


THIN 


17.6 


0.7/0.7 


Y 




PLCK G070.8-21.5 


4.1 


321.410 


19.941 


0656200201 


MED 


25.4 


0.4/0.1 






PLCK G3 17.4-54.1 


4.1 


355.247 


-61.038 


0656200801 


THIN 


12.0 


0.9/0.7 






PLCK G226. 1-16.9 


4.0 


93.139 


-19.040 


0656200601 


THIN 


10.0 


0.7/0.4 






PLCK G343.4-43.4 


3.9 


320.145 


-53.631 


0656200901 


MED 


10.0 


0.9/0.9 








lU.z 


1 in n 1 A 


— zo.U /4 


UOJOZUlzUi 


i rlilN 


lU.U 




Y 


ESZ 


PLCKG171.9-40.7 


10.7 


48.231 


8.380 


0656201101 


THIN 


10.0 


1/0.8 


Y 


ESZ 


PLCK G285.0-23.7 


8.3 


110.805 


-73.457 


0656201401 


THIN 


10.0 


0.9/0.6 


Y 


ESZ 


PLCK G27 1.2-3 1.0 


8.3 


87.315 


-62.087 


0656201301 


THIN 


10.0 


1/1 


Y 


ESZ 


PLCK G262.7-40.9 


7.4 


69.624 


-54.309 


0656201601 


THIN 


14.7 


1/0.9 


Y 


ESZ 


PLCK G308.3-20.2* 


7.4 


229.588 


-81.523 


0656201501 


THIN 


10.0 


1/1 


Y 


ESZ 


PLCK G337. 1-26.0* 


6.4 


288.583 


-59.513 


0656201701 


THIN 


13.7 


1/1 


Y 


ESZ 


PLCK G292.5+22.0 


6.2 


180.241 


-39.889 


0656201801 


MED 


13.2 


0.6/0.5 


Y 


ESZ 


PLCK G205.0-63.0 


6.1 


41.593 


-20.527 


0656201901 


THIN 


11.7 


1/1 


Y 




PLCK G24 1.2-28.7 


5.9 


85.768 


-36.022 


0656202001 


THIN 


10.0 


1/1 


Y 




PLCK G286.6-31.3 


5.9 


82.8430 


-75.164 


0656202101 


THIN 


10.0 


0.7/0.3 


Y 


ESZ 


PLCK G018.7+23.6 


5.6 


255.553 


-1.004 


0656202201 


THIN 


7.2 


1/1 


Y 




PLCKGlOO.2-30.4 


5.5 


350.589 


28.563 


0656202301 


THIN 


10.0 


0.9/0.7 


Y 




PLCK G272.9+48.8 


5.1 


173.310 


-9.479 


0656202601 


THIN 


11.7 


0/0 


Y 




PLCK G285.6-17.2 


5.2 


130.956 


-71.190 


0656202501 


THIN 


10.0 


1/1 


Y 


ESZ 



2. The XMM-Newton validation follow-up of Planck 
cluster candidates 

2. 1 . The Planck survey 



Planck (iTauber et al.ll2010t iPlanck Collaboration! l20 1 1 ah is the 
third generation space mission to measure the anisotropy of the 
CMB. It observes the sky in nine frequency bands covering 
30-857 GHz with high sensitivity and angular resolution from 
31' to 5'. The Low Frequency Instrument (LFI ; Mandolesi et al.l 
l2010t iBersanelh etaP boiot iMennella et aH 1201 ll covers the 
30, 44, and 70 GHz bands with amph fiers cooled to 20K 
The High Frequency Instrum ent (HFI; iLamarre et al.l 120101 : 
iPlanck HFI Core Teaml l20TTah covers the 100, 143, 217, 353, 
545, and 857 GHz bands with bolometers cooled to O.IK. 
Polarisation is measured in all but the highest two bands 
(iLeahv et al.ll2010tlRo"sset et al.ll2010l) . A combination of radia- 
tive cooling and three mechanical coolers produces the temper- 
atures needed for the detectors and optics (Planck Collaboration! 
1201 Ibh . Two data processing centres ( DPCs) check and cali- 
brate the data and ma ke map s of the sky dPlanck HFI Core Teaml 
l2011bl:IZaccher et al.ll201 it) . Planck' & sensitivity, angular reso- 
lution, and frequency coverage make it a powerful instrument 
for Galactic and extragalactic astrophysics as well as cosmol- 
ogy. Early astrophysics results are given in Planck Collaboration, 
2011h-z. 



2.2. Blind detection of SZ clusters in Planck 

The blind search for clusters in Planck data relies o n a Multi- 
Matched Filter (MMF) approach (iMehn et al.ll2006lF l This de- 
tection algorithm operates on all-sky maps divided into a set 
of overlapping square patches, using simultaneously the 6 
freque ncy maps of the HFI instrument (Pl anck C ollaboration! 
1201 id) . Within the algorithm, the SZ spectral signature and the 
universal pressure profile derived by lArnaud et al.l (1201 Ol) are 
used as spectral and spatial templates, respectively. In such a 
blind search, the position, the characteristic scale of the profile 
(oc /?5oo) and the amplitude (oc Ysm) are left free, being opti- 
mised by the MMF algorithm. In practice the algorithm is run in 
an iterative way: after a first detection run to locate candidates, 
consecutive runs on sky patches centred on the candidate posi- 
tions refine the estimated signal-to-noise ratio (S/N) and other 
properties. 

Cluster candidates then undergo a vahdation p rocess, ex- 
tensively described in IPlanck Collaboration! (1201 lei) . This pro- 
cess includes internal quality checks (e.g., map artefacts, cross- 
comparison between detection algorithms, SZ spectral signature, 
astrophysical contamination by Galactic dust, point sources or 
structures in the CMB) and cross-correlation with ancillary data 



^ Results from other methods have been cross-compared to those 
from t he MMF search, inc luding from the PowellSnakes-based algo- 



rithm dCarvalho et aDl2009l) . 
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and catalogues allowing known clusters to be identified. This 
process produces a list of new Planck SZ cluster candidates 
above a given S/N threshold (S/N = 4 in this work). 

2.3. XMM-Newton target selection 

From the list of new potential clusters detected as SZ sources in 
the Planck survey, we selected 25 targets in a two step process: 

1 . Pilot programme: 10 targets were selected on the basis of the 
Planck survey as it stood at the end of October 2009, i.e., 
~ 62% sky coverage. These targets were explicitly chosen to 
sample the lower range of signal-to-noise (4 < S/N < 6) in 
order to better characterise the nature and quality of the SZ 
signal. 

2. High S/N programme: a further 15 targets were chosen in 
the spring of 2010 when the first full-sky coverage was close 
to completion (99.5% sky coverage). In contrast to the pi- 
lot programme, here we focused on high-significance SZ 
sources (S/N > 5) and selected candidates starting from the 
highest S/N. 

In both cases the selection process was intimately linked to 
the P/fl«c^-HFI data Time Ordered Information processing sta- 
tus, calibration, attitude and map versions (as of Dec 7, 2009 
and April 19, 2010 for the two programmes, respectively). The 
choice of targets was also constrained by their XMM-Newton 
visibility in a period of 2-3 months following their submission 
to the Science Operations Centre. For both programmes, maps 
and spectra of each potential target were visually inspected, in- 
cluding reprocessing with aperture photometry methods. Cross- 
correl ation with the RA SS Bright Source Catalogue (RASS- 
BSC IVoges et al.|ll999l) and Faint Source Catalogue (RASS- 



FSC. IVoges etalJ 



20001) was undertaken. For the two targets of 



the pilot programme falling in the SDSS area, we ran a dedicated 
algor ithm to search for galaxy overdensities (iFromenteau et alJ 
l201lh . allowing us to track significant concentrations of matter 
down to z ~ 0.6. These two targets were chosen to test the SDSS 
based confirmation at high z. The first candidate, PLCK G070.8- 
21.5, was not confirmed (see [Fromenteau et all 1201 ll for dis- 
cussion); the other candidate, PLCK G2 14.6-1-37.0, is discussed 
in Sec. 17.2.11 Detailed searches in XMM-Newton, Chandra and 
Suzaku observatory logs were also undertaken in order to avoid 
duplication of performed or accepted observations with similar 
facilities. 

Six of the ten pilot programme targets were confirmed (see 
Table[T]); two of these are multiple systems. Taking into account 
the result of the pilot project, for the second programme we set 
a lower S/N threshold of S/N - 5 and refined and strengthened 
the selection criteria. In particular, we required that the source 
be independently detected by at least two of the three blind de- 
tection methods, and more quality flags were considered. The 
internal checks were very similar to those defined for construct - 
ing the Early SZ (ESZ) sample dPlanck Collaboration! lIoTTi) . 
which benefit from the result of the XMM-Newton Pilot pro- 
gramme. We also performed a search for emission in the RASS 
hard band images, looking for X-ray signatures beyond those 
recorded in the RASS source catalogues. However, RASS infor- 
mation never took precedence over the internal Planck quality 
flags. Note that two of the false candidates of the Pilot pro- 
gramme (PLCK G343.4-43.4 and PLCK G226. 1-16.9) were 
associated with a RASS-FSC source that XMM-Newton subse- 
quently revealed to be several point sources (see Sec. 13.2b . Thus 
association with an RASS source alone is not sufficient for clus- 
ter candidate confirmation. 



10^ 



Yjoo = 5.0 X 10 " arcmin^ 
2.0x 10"^arcmin^ 




0.2 0.4 



0.6 0.8 
Redshift 



1.0 1.2 1.4 



Fig. 1: Sensitivity of XMM-Newton observations to typical Planck SZ 
sources. The expected signal-to-noise ratio (S/N) of the cluster detec- 
tion in the [0.3-2] keV energy band with the EPIC camera is plotted 
as a function of redshift for an exposure time of 10 ksec assuming two 
typical SZ fluxes. See text for details of the model assumed to convert 
SZ to X-ray flux and count rate. The dash-dotted line indicates the S/N 
required for 10% uncertainty on the temperature measurement of an 
8 keV cluster. 



The ESZ sample (iPlanck Collaborationll201 1^ consists of a 
high signal-to-noise, i.e. primarily S/N > 6, list of 189 clusters 
and cluster candidates based on data from the first 10 months of 
the Planck survey. Ten of the 21 objects presented in the present 
paper passed the S/N ESZ selection criteria and are thus part of 
the ESZ sample released to the community in January 201 1 . The 
original S/N of their detection in the Planck maps is given in 
Table [T] whereas the S/N values provided in Table |2] are derived 
from the 10 month Planck maps on the basis of which the ESZ 
sample was constructed. 

2.4. Observation setup 



As discussed by IScharfl (l2002h . the optimum energy band for 
XMM-Newton cluster detection is the soft energy band (energy 
below 2 keV), for which the signal-to-noise ratio reaches a 
maximum. We calculated expectations for XMM-Newton sen- 
sitivity in that band for two representative values of the SZ 
flux from within Rsm'. isoo = 5 x lO""* arcmin"- and Fgoo = 
2 X lO^^* arcmin"^. In each case, the expected cluster luminosity 
L500 for va rious redshifts was es timated using the L5oo-£>^3'50o 
relation of lArnaud et al.l ( 1201 Ol) . assuming self-similar evolu- 
tion. We then derived the corresponding total XMM-Newton 
count rates, R, in the [0.3 - 2] keV band for the EPIC MOS- 
CCD (herafter EMOS) and pn-CCD (herafter EPN) camera 
(iTurner et al.l200ll:IStruder et al.l200lh . We used the xspec soft- 
ware ( lArnaudlll996r to simulate an absorbed thermal model 



(assuming kr - 7keV, A^h = 2 x 10 cm" ), convolved 
with the instrument response. The corresponding a ngular ex- 
tent 05 00 was estimated from the Lsoq-M^qq relation of lPratt et al.l 
(l2009l) . The signal-to-noise ratio of the detection is then given 
by S/N = (R ^/t^/( -y/^T(2^^k^), where fexp is the expo- 
sure time, /?bkg is the background count rate, and A - An ^^^q is 
the integration area in square arc minutes. We assumed a [0.3- 
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2] keV band background count rate of 7?bkg = 4.5 x 10 counts 
s~' arcmin'^, as estima ted from the blank sky backgrounds of 
iRead & PonmanI (l2003h . Figure [T] shows the resulting S/N of an 
XMM-Newton detection as a function of redshift. 

Since the goal of the XMM-Newton observations is confirma- 
tion of new Planck SZ cluster candidates, the nominal observing 
time was set to 10 ksec (net EPN camera time) per target. Such a 
snapshot observation is sufficient to detect the cluster - if real - 
at better than lOcr up to z = 1.5 (Fig[T]i- The nominal setup used 
the THIN filters (unless optical loading had to be avoided) and 
EPF mode for the EPN camera. The boresight was optimised to 
avoid camera gaps. 

2.5. XMM-Newton data reduction 

We produced calibrated event lists using vlO.O of the XMM- 
Newton Science Analysis System (SAS). Observations were 
cleaned for periods of high background due to soft proton flares, 
PATTERN-se l ected and corrected for vignetting as described in 
iPratt et al.l (l2007h . Point sources were identified from the small 
scales of wavelet-decomposed images in the [0.3-2] and [2- 
5]keV bands. These sources were excluded in the analysis of 
confirmed clusters, with the exclusion radius matched to the PSF 
size (which varies across the detector). 

Above ~ 2 keV the XMM-Newton background is domi- 
nated by particle events. We subtracted this background using a 
stacked event list built from observations obtained with the filter 
wheel in the closed position, recast to the pointing position and 
renormalised using the count rate in the high energy band free of 
cluster emission. The remaining background (due to the cosmic 
X-ray background of unresolved AGN and Galactic emission) 
was estimated from the particle-background subtracted emission 
from an annulus beyond the cluster emission. For the spectral 
analysis, we modeled this background emission as arising from 
two thermal sources and a power-law source with index F = 1 .4, 
taking into account the absorbin g Galactic column density i n the 
direction of the object (see, e.g. iDe Luca & Molendill2b04l) . 

As Table[T]shows, the observations are of variable quality. In 
three cases the EPN data were completely contaminated by soft 
proton flares and formally had no useful observing time. For two 
of these observations, the EMOS data were completely contam- 
inated too. In these instances, we used EMOS data only (un- 
cleaned in the last two cases). The power-law index in the back- 
ground model was left free, which empirically produces a rel- 
atively good fit to the background spectrum. The spectroscopic 
results for these objects should be treated with caution. 

Spectral fits were undertaken in the [0.3-10] keV energy 
range, after binning the spectra to a minimum of 25 counts 
per bin and excluding background fluorescence line regions. 
The cluster component was modelled with an absorbed mekal 
m odel with the refer e nce s olar abundances from the data 
of lAnders & Grevess"^ (Il989l) . The hydro gen column density 
A^H w as fixed at the 21 cm value from iDickev & LockmanI 
(1 1 9901) . except for PLCK G286.3-38.4, PLCK G308.3-20.2 and 
PLCK G018.7+23.6. Their best fit A^h values were found to be 
significantly higher by a factor 1.8, 1.8 and 2.4, respectively. 
These clusters are located at low lat itude, in regions of high IR 
dust emission (ISnowden etalJI 19971 Fig. 11). The 21 cm value 
may underestimate the total A^h, measured from X-ray data, due 
to a non-negligible H2 contribution. To check this hypothesis, 
we used the IRIS maps (Miville-Deschenes & Lagache 20Q5i) 
as tracers of the dust emission and the correlation between the 
Galactic dust emission and the total hydrogen column density 
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Fig. 2: Surface brightness profile of PLCK G4.5-19.5 at z = 0.54, the 
highest-z cluster of the sample, as measured with XMM-Newton. The 
data of the EM0S1&2 and EPN camera in the [0.3-2.] keV energy band 
are combined. The green line indicates the best fitting model (see text); 
the red line is the best fitting model convolved with the Point Spread 
Function (PSF) of XMM-Newton and the dashed line is the on axis 
XMM/PSF, normalised to the central intensity. The source is clearly 
extended. 

(iBoulanger et al."1996') to estimate the A^h values at the clus- 
ter locations (see Pointecouteau et al. 2004). A better agreement 
was found with X-ray values, with ratios of 1.30, 1.06 and 1.48. 
It must also be noted that the PLCK G286. 3-38.4 observation 
is highly contaminated by solar flares and only EMOS data are 
used. Some residual background may also affect the low energy 
part of the spectrum and thus the A^h estimate 

3. XMM-Newton validation: metliods and outcome 

The observations were completed by the end of October 2010. 
The median clean EPN observation time is 7 ksec (Table [U. Of 
25 targets, 21 are confirmed as X-ray extended sources. Only four 
targets with S/N < 4.1 were not confirmed. The confirmation 
status of each XMM-Newton observation is given in Table [T] 

3.1. Confirmed cluster candidates 

Our procedure for candidate cluster confirmation consists of 
identifying an extended X-ray source coincident with the Planck 
SZ source and checking that the SZ and X-ray properties are 
consistent. Generally, a candidate cluster (or supercluster) is 
clearly visible within 5' of the Planck candidate position, in 
which case we simply have to confirm the X-ray source extent. 
This is achieved by comparing the surface brightness profile ex- 
tracted in the [0.3-2.0] keV band with the XMM-Newton Point 
Sp read Function. A typi cal cluster y6-model with a cusp (Eq. 2 
in iPratt & Arnaudl2002h is also fitted to the data. Figure|2]shows 
this comparison for the highest-z confirmed extended source. 

17 systems show extended emission from a single source 
and are confirmed as new clusters of galaxies. Using the Fe K 
line in the X-ray spectrum we have estimated a redshift for all 
these objects, albeit with large uncertainties in some cases (see 
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PLCK G28S. 0-23.7 SNR=1 1 .5 ■ PLCK G287.0+32.9 SNR=10.6 ■ PLCK G171. 9-40.7 SNR=1 0.6 I PLCK G271 .2-31.0 SNR= 8.5 




PLCKG262.7-40.9 SNR= 8.3 ■ PLCK G308.3-20.2 SNR= 8.3 ■ PLCK G277.8-51.7 SNR= 7.4 ■ PLCK G286.6-31.3 SNR= 6.9 




PLCK G292.5+22.0 SNR= 6.9 ■ PLCK G337.1 -26.0 SNR= 6.6 ■ PLCK G285. 6-17.2 SNR= 6.3 ■ PLCK G18.7H-23.6 SNR=6.0 




Fig. 3: XMM-Newton images of all confirmed cluster candidates, except for the two triple systems which are shown on Fig. [T2]and discussed 
in Sec, 121 in the [0.3-2] keV energy band. The observations of PLCK G272.9-I-48.8 and PLCK G250.0-I-24. 1 sufi'er from high background that 
has only been crudely subtracted. Image sizes are SSsoo on a side, where O^m is estimated from the Mjoo-ix relation (see Sec. 15.1b . Images 
are corrected for surface brightness dimming with z, divided by the emissivity in the energy band, taking into account galactic absorption and 
instrument response, and scaled according to the self-similar model. The colour table is the same for all clusters, so that the images would be 
identical if clusters obeyed strict self-similarity. The majority of the objects show evidence for significant morphological disturbance. A yellow 
cross indicates the Planck position and a red/green plus sign the position of a RASS-BSC/FSC source. 



Sec. 14. 11 1. We have also calculated the Yx parameter (Sec. 15. 11 1. A 
final check of the candidate confirmation is the good agreement 
found between the measured SZ signal and that expected from 
the Yx value (Sec. 15. II ). A further two confirmed candidates were 
revealed to be double systems, one of which is a projection of 



two independent clusters at different redshifts. More unexpected 
are two additional newly-discovered triple systems. All of the 
confirmed candidates revealed by XMM-Newton to be multiple 
clusters are discussed in more detail in Sec.|7l 
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Fig. 4; Illustration of the XMM-Newton validation procedure results for 
a false candidate, PLCK G226. 1-16.9. Top panels: Sum of the EMOS 
and EPN raw image (left) and reconstructed EPN image (right) in the 
soft band. The circle of 5' radius centred on the Planck position (green 
cross) corresponds to the conservative position error box. The RASS- 
FSC source is clearly detected (red cross) as a point source: its surface 
brightness profile (black points in left bottom panel) is well fitted by the 
XMM-Newton PSF (red line). Two extended sources labelled A and B 
are also detected. Bottom right panel: same as Fig.|2]for source B. 



The XMM-Newton images of confirmed single and double 
systems are shown in Fig. |3] In each panel, the Planck source 
centre position is marked with a cross; in addition, when rele- 
vant a red/green plus sign shows the associated RASS-FSC/BSC 
source. 



3.2. False cluster candidates 

In some cases a source is not clearly visible in the image and 
then the relatively large FWHM s of the HFI beams (~ 4'.5 - 9.'5; 
iPIanck HFI Core TeamI |20I Ibl) complicate source search and 
confirmation. For these observations we employ the approach 
described in ISuhada et"al] ( |2010|) . applying the XMM-Newton- 
SAS source detection algorithms eboxdetect and emldetect 
to the images to determine whether an extended source lies 
within the Planck beam. In brief, images are produced in the 
[0.35-2.4] keV band and eboxdetect is first run in local mode, 
where the background is estimated locally for each source. 
Sources found in this first step are then excised, leaving an im- 
age suitable for background estimation. The background im- 
age is modeled with two components, a vignetted component 
to represent the X-ray background, and a non-vignetted compo- 
nent to represent the particle and instrumental background. The 
model is based on a linear combination of two templates based 
on vignetted and non-vignetted exposure maps, and is fit to the 
source-subtracted image. We then re-run eboxdetect with this 
model background. All sources found in this step are then anal- 
ysed with the maximum likelihood (ML) task emldetect, that 
analyses each source by fitting with a 2D King function con- 



volved with the PSF. The log of the detection likelihood of each 
source as defined in the code is det_ml - -lnP,ai,d, where 
the latter is the probability of the observed counts arising from 
Poisson fluctuations. We set the minimum detjnl = 6, corre- 
sponding to a > 3cr detectioifl In addition to the above, we also 
searched for possible extended sources using visual inspection 
of a wavelet-smoothed image. 

Figure |4] illustrates application of the method for the false 
source PLCK G226. 1-16.9. This candidate was the lowest S/N 
candidate of the Pilot sample (S/N - 4.0) and located close to 
a RASS-FSC source, which may have been the cluster counter- 
part. The top panel shows the raw XMM-Newton image and the 
reconstructed EPN ML source image. The RASS-FSC source 
located at 0.8' from the Planck source is clearly detected with 
XMM-Newton (red plus sign in the top panels). The surface 
brightness profile is well fitted by a point source convolved with 
the XMM-Newton PSF (bottom left panel). The source spectrum 
is clearly a power law, and thermal emission from a 0.3 solar 
abundance ICM is rejected at high confidence at all redshifts and 
temperatures. This source is most likely an AGN and is defini- 
tively not the Planck counterpart. 

The source list produced by the ML method includes two 
potentially extended sources, only one of which is within 5' of 
the Planck source position (source labelled A in the Figure). 
It is located ~ 0.8' from the RASS-FSC source position and 
is much fainter, showing the capability of XMM-Newton to 
separate sources. The source has an estimated [0.35-2.4] keV 
flux of ~ 2 X lO^'^'ergcm^s"', which is more than 5 times 
lower than that expected from the SZ source even if located at 
z ~ 1.5. Furthermore its extent (although not well constrained) 
is small and it is perfectly coincident with a 2MASS galaxy. 
This source again could not be the Planck counterpart. Finally, 
from a wavelet-smoothed image, there was a hint that another 
source, located 3.5' away from the Planck candidate position, 
was extended, although it was not classified as such with the 
ML method (source labelled B). We extracted its profile and 
confirmed it as extended, although the extent was not very 
significant (bottom right panel of Fig.|4]i. However, its flux was 
half that expected from the observed Planck flux, even for a 
cluster at z = 1.5. Nevertheless, in view of possible errors in the 
Planck position, we re-analysed the Planck data by re-extracting 
the signal exactly at the position of the source. The SZ detection 
was no longer significant, leading us to conclude that source 
B was definitively not the counterpart to the Planck candidate. 
From the XMM-Newton observation we thus concluded that this 
Planck candidate was a false detection. 



4. Redshift estimate 

4.1. XMM-Newton estimates 

The ICM has a typical abundance of 0.3 t imes solar, implying 
that metals are present in large amounts (see'Bal estra et al.l2007l : 
Leccardi & Molendi 2008; Maughan et al. 2008, for recent work 
on metals in the cluster context). The spectroscopic sensitivity 
of XMM-Newton allows the measurement of the intensity and 
centroid energy of the strongest line emission, namely the Fe K 
and Fe L line complexes (respectively found at £ ~ 6.4 and 
£■ ~ 1 keV at z = 0). As a consequence the Fe line emission can 
be used to constrain the cluster redshift. We have thus searched 



see |http : //xitim. esac . esa . int/ sas/ current/doc/emldetect/node3 

for more details 
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Fig. 5: Top row: Redshift determination from XMM-Newton spectroscopy in the kT-z plane. Red, green and blue contours trace 68, 95 and 99.9 
per cent confidence levels, respectively. The black error point shows the final best-fitting spectral results with associated statistical errors. Bottom 
row: EPIC EMOS1&2 (red and black points) and EPN (green points) spectra. Only the data points above 2keV are shown for clarity but data 
down to 0.3 keV are used in the spectral fitting. The line is the thermal model for the best-fitting redshift. The position of the redshifted Fe K line 
is marked. From left to right the figures are for sources PLCK GlOO.2-30.4, PLCK G277. 8-51.7 and PLCK G241.2-28.7. 



for their signature in the XMM-Newton observations, focusing 
mainly on the Fe K complex, which is about 10 times as strong 
as any other line emission in the ICM. A clear detection then 
provides an estimate of the X-ray redshift zpe- 

The intrinsic spectral resolution of XMM-Newton is AE ~ 
150 eV at 6.4 keV and AE ~ 100 eV at 3.2 keV; the energies 
here correspond to the Fe K complex centroid energy for a clus- 
ter at a redshift of z = and z = 1, respectively. Such reso- 
lution allows centroid determination to typically 10-15 eV for 
high quality spectra, of the same magnitude as the systematic 
uncertainty of the calibration of the energy reconstruction (about 
5 eV and 10 eV in the central CCD of the EMOS and EPN cam- 
era, respectively). The overall energy uncertainty would yield 
a typical corresponding redshift uncertainty of Az ~ 0.002. In 
practice, the limiting factor affecting the accuracy of the red- 
shift determination is the statistical uncertainty in the spectrum, 
which is linked to the observation duration and overall quality 
(background conditions). Furthermore, P/anc^-detected clusters 
are mo stly massive, hot objects with low Fe K line equivalent 
widths dRothenflug & Arnaud,1985^) . This makes zpe determina- 
tion more difficult than for cooler objects. 

To estimate zpe using xspec we first performed a spectral 
fit of the region corresponding to the maximum significance of 
the detection (defined from the surface brightness profile in the 
soft band), with the redshift as one of the free parameters. The 
abundance was left free to fit within a typical cluster range (0.2- 
0.6 times solar). From this starting point we investigated the;\f' 
in the kT-zpe plane using a regular grid. The best fitting kr and 
Zpe values were recovered from a simple maximum likelihood 
analysis, whereupon these best fitting values were used as input 



for a final spectral fit. When a two- or three-peak degeneracy 
appeared in the kT-zpe plane, we checked the various potential 
ZPe values and chose the redshift giving the best spectral fit as 
defined by the^^ and the null probability hypothesis. 

This redshift estimation process is illustrated by three cases 
in Fig. |5] with the left panel showing a fully degenerate case, the 
middle panel a double-peaked case and the right panel a well- 
constrained case. These redshifts are flagged with quality values 
Qz = 0, 1,2, respectively, in Table |2l The few cases where no 
redshift estimate was possible are flagged with Qz - -I- 

4.2. Optical estimates 

For three clusters, we have estimated the redshift either from 
existing optical archive observations or dedicated follow-up 
observations as part of the overall Planck cluster candidate 
validation programme. The most recent corresponds to tele- 
scope time acquired by the Planck consortium at the ENO tele- 
scopes, Observatorio del Teide (Tenerife, Spain - AO 201 OA and 
2010B). The details of the observation setup and data processing 
can be found in Appendix lA.il 

- PLCK GlOO.2-30.4. The source was observed in 4 bands 
igriz) with the CAMELOT camera at the 0.82-m IAC80 tele- 
scope. After data reduction, we derived a p hotometric red - 
shift of Zphot = 0.38 ±0.04, using the bpz code (lBenftezl2000l) . 
This estimate is compatible within 3cr, with the zpe - 0.31 
derived from the X-ray spectroscopy. 

- PLCK G285.0-23.7. We reduced the ESO NTT/SUSI2 
archive images for this object, deriving a red-sequence red- 
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Table 2: X-ray and SZ properties of the confirmed Planck sources. Column (2): Signal-to-noise ratio derived from the 10-month Planck maps on 
the basis of which the ESZ sample was constructed. Columns (3)-(8): Right ascension and declination of the peak of the X-ray image (J2000). 
Column (9): redshift from X-ray spectral fitting. Column (10); optical redshift. Column (11): Quality flag for the X-ray redshift measurement 
(see Sec. I4.lt . Column (12): Total EPIC count rates in the [0.3-2] keV band, within the maximum radius of detection given in column (13). 
Columns (14)-(20): R500 is the radius corresponding to a density contrast of 500, estimated iteratively from the Msqq-Yx relation (Eq. [TJ, where 
Yx = MgsooTx is the product of the gas mass within ^500 and the spectroscopic temperature Tx, and M500 is the total mass within ^500- i'Soo is 
the luminosity in the [0. 1 - 2.4] keV band and in the R^oo aperture. K500 is the spherically integrated Compton parameter measured with Planck, 
centred on the X-ray peak, interior to Rsoq as estimated with XMM-Newton. 
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assumed to be identical to that of component A. 



shift of Zphot = 0.37. This estimate is in good agreement with 
the X-ray spectroscopic redshift zpe = 0.39. 
- PLCK286.3-38.4. ESO NTT/SUSI2 images and 
NTT/EMMI spectroscopic archive data targetting the 
X-ray source RXJ0359. 1-7205 were available. From a 
poor quality NTT/EMMI spectrum, we extracted a redshift 
of Zspec = 0.307 + 0.003, backed-up by the presence of 
two absorption line features (Hy6 and Mgl). Again this 
value agrees well with the X-ray spectroscopic redshift of 

ZFe =0.31. 

Finally, the source PLCK G262.7-40.9 ap peared to be one 
of the ACT SZ optically-confirmed clusters (iMenanteau et al.l 
I2OIOI) . accepted for observation by Chandra after it was sched- 
uled for observation with XMM-Newton. The reported photomet- 
ric redshift is Zphot - 0.54 + 0.05, in disagreement with our X- 
ray-derived value of zpe = 0.38 at the 3(t level. Although slightly 
weak, the Fe K line is clearly seen in the X-ray spectrum (see 
Fig. |5]right panels). We thus adopt the X-ray estimate. However, 
optical spectroscopic observations are clearly needed to confirm 
the cluster redshift. All compiled and derived optical redshifts 
are reported in column 6 (Zopt) in Table |2] 



5. Physical parameter estimates of confirmed 
clusters 

5.1. XMM-Newton data 

For all single clusters (17 systems) or obvious sub-components 
in double and triple systems (4 objects), the X-ray peak position 



was taken to be the (sub-)cluster centre. For these systems we 
undertook a more in-depth analysis assuming that a spherically 
symmetric approximation is appropriate. 

Surface brightness profiles, centred on the X-ray peak, were 
extracted in the [0.3-2] keV band in 3'.'3 bins. Deprojected, PSF- 
corrected gas densi ty profiles were the n calculated using the 
method described in lCroston et alj ( |2008|) . Global cluster param- 
eters were then estimated self-con sistently within /?5on via itera- 
tion about the M sop-Fx relation of lArnaud et al.l (1201 Ol see also 
iPratt et al.ll20Tol) . viz.. 



£(Z)'"M5, 



Yx 



2 X 10" M„ keV 



(1) 



assuming the standard evolution predicted by the self-similar 
model purely based on gravitation. In addition, the X-ray lu- 
minosity in the [0.1 - 2. 4] keV ban d interior to R^qq, L500 was 
calculated as described in lPratt et al.l (l2b09l). All resulting X-ray 
properties are summarized in Table |2] Errors include only sta- 
tistical uncertainties. We did not attempt to include systematic 
errors due to redshift uncertainty or high background level; such 
estimates are beyond the scope of the paper The results for this 
sample are not used for quantitative statistical study (e.g deriva- 
tion of scaling laws), which would require redshift confirmation 
(sources with gz < 2) and deeper ZMM-A^ewro« observations. 

The X-ray position for single systems is compared to 
the Planck position in Fig. |6] The offset behaviour is similar 
to that observed for known clusters in the ESZ sample (see 
iPlanck Collaborationll201 13, for discussion). Except for the out- 
lier PLCK G18.7H-23.6, the positional offset is less than 2' and 
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is clearly dominated by the Planck reconstruction error which 
peaks at that value. A physical offset is also expected, espe- 
cially for merging clusters. Such an offset would contribute less 
with increasing z as it would be more and more poorly resolved. 
The small residual systematic variation of the offset with z, for 
z > 0.2, suggests that physical offsets may indeed slightly con- 
tribute. This is Ukely to be the case for PLCK G18.7-H23.6, a 
highly disturbed object at z = 0.09, the lowest z of the sample, 
and which has an offset of 3' corresponding to 0.3/?5oo. In all 
cases, the offset remains smaller than flsoo or the cluster extent 
(see also Fig. [3]). 



5.2. Planck refined Ysz estimate 

The SZ signal extraction pro cedure is described in detail in 
iPlanck Collaboration! ( 1201 lei) . It consists of applying multi- 
frequency matched filters to the data that maximally enhance 
the signal-to-noise ratio of a n SZ cluster source by optim ally 
filtering the data. As shown in iPlanck Collaboration! (120119) . SZ 
fluxes derived using this method can be significantly overesti- 
mated due to an over-estimation of the cluster size 6500. 

We can optimise the SZ photometry of the clusters presented 
here by using the X-ray estimate of the cluster position and size 
0500, derived from measured using the M^m-Yx relation as 
detailed in Sect. 15.1! For each cluster in the sample, we thus 
re-extract the SZ flux, calculating F500 with the X-ray position 
and size fixed to the refined values derived from the high-quality 
XMM-Newton observation. The resulting Ksoo values are listed 
in Table |2] In Fig. |7] they are compared to the blind values as a 
function of the ratio of the XMM-Newton and blind characteris- 
tic size 0500- For most cases the values are consistent within the 
errors; however, there is a clear trend of SZ flux overestimation 
with size overestimation, which can reach as much as a factor of 
two (see detailed discussion of the cluster size-flux relation in 
!Planck Collaborationl2()TT9 and !Planck Collaborationl201 1 d) . 



6. X-ray and SZ properties of newly detected 
clusters 

In this Section we consider the 17 systems confirmed as single- 
component clusters of galaxies, leaving aside the multiple sys- 
tems which are discussed in the next Section. 



6.1. RASS properties 

We extracted 2° x 2° count images in the [0.5-2.] keV hard 
band from the RASS data at the position of each cluster. We 
excised event s associated with known RASS-BSC and RASS- 
FSC sources (!Voges et al.! ll999l !2000l). We then c a refully fol- 
lowed the methods describ ed in Bohringer et al.! (!200Cll) and 



!Reiprich & BohringeJ (!2002h to compute background corrected 
growth curves and estimate an associated detection radius, R^. 
The background was estimated from an outer annulus with 15' < 
< 90'. When allowed by the quality of the growth curve, the 
count rate within the 7?5oo aperture was either taken as the count 
rate within R^ when R^ < R^oo or interpolated on the curve when 
> ^5()0- In the case of low quality growth curves, we com- 
puted a direct integrated count rate from the map within an aper- 
ture of R5Q0. Assuming the best fitting XMM-Newton spectral pa- 
rameters for each cluster (i.e. z, temperature, abundance, galactic 
A^h) we derived the [0.1-2.4] keV band RASS flux. 

The RASS values are compared to the XMM-Newton values 
in Fig. [8] There is a good agreement after taking into account 
the RASS statistical errors. The slight offset (< 20%) is likely 
due to systematic errors linked to the RASS background esti- 
mate and/or calibration uncertainties. The most significant out- 
lier at high flux is PLCK G18.7+23.6. A bright point source is 
present at the centre of this object (see Fig. O that cannot be 
excised from the RASS data and which contaminates the sig- 
nal. From the XMM-Newton image (Fig. [3]l, the known RASS- 
FSC or RASS-BSC sources within the Planck error box for 
15 of the candidates can be clearly identified with the clus- 
ters. Those are indicated in Fig. [8] The two clusters with no 
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Fig. 9: The new SZ-discovered Planck clusters compared to clusters 
from the ROSAT All-Sky Survey catalogues in the Lx-z plane. The X- 
ray luminosity is that in the [0.1-2.4] keV band. Catalogues shown are 
the REFLEX, NORAS, BCS, eBCS and published MACS catalogues. 
The solid line is the REFLEX flux limit of 3 x 10"'^ ergs s"' cm"-, 
similar to that of the BCS-l-eBCS catalogues. The dotted line is the 
HIFLUCGS flux limit of 2 x lO^^ergss"' cm"- and the dashed line 
is from the MACS flux limits. See Sec.l6.2lfor references and details. 



RASS-FSC or RASS-BSC association, PLCK G287.0-t-32.9 and 
PLCK G292.5+22.0, are in fact detected in RASS, but at low 
S/N (2 and 3, respectively; see also Sec. 16.4b . 



6.2. The Lx-z plane and comparison with RASS cataiogues 

In Fig. |9] the new clusters are shown in the Lx-z plane, plotted 
together with the clusters from large catalogues based on RASS 
data outside the Galactic Plane: RE FLEX (Bohring er et al.l 
|2004 in the Southern s ky: NORA S (lB"ohringer et al.l |2000t) : 
BCS (lEbelingetal.ll998h : and eBCS (lEbeling et al.ll200ol) in the 
Northern Sky. The NORAS is not flux limited. The REFLEX 
flux limit of 3 X 10"'- ergs s"' cm"- is shown. It is similar to 



that of the eBCS-i-BCS limit of 2.8 x 10"'^ ergs s"' cm"l Also 
shown are clusters from the published catalogues of the IVIACS 
survey with their corresponding flux limit. MACS is based on 
the RASS-BSC but in contrast to the above surveys, the X-ray 
extent of the RASS source is not a selection crite rion, allowing 
more distant (but massive) clusters to be found (lEbeling et al.l 
l2001h . Published IVTACS catalogues are the z > 0.5 cata- 
logue (lEbeling et al.l 120071) and flie .3 < z < 0.5 brightest 
cluster catalogue (lEbeling et al.ll2007l hereafter bright IVIACS). 
Luminosities plotted in Fig.|9]are the homogenised values given 
in the IV ICXC (IVIeta-Catalo gue of X-ray detected Clusters of 
galaxies IpTffaretti et al.ll2010l) . 

The present sample of new Planck-detected systems spans a 
redshift range of 0.1 < z < 0.6, with 15 out of 17 clusters above 
z = 0.25, a medium-distant redshift region of the Lx-z plane 
that is sparsely-populated by the RASS catalogues. As a conse- 
quence, our current sample has X-ray luminosities well below 
the flux limit of HIFLUCGS (.Reipric h & Bohringer 2002) and 
REFLEX-DXL (IZhang et al.ll2006b 7two high-lum'inosity X-ray 
selected samples that stand as the counterparts to our present 



high S/N SZ sample. The closest sample in X-ray luminosity 
and redshift to the new Planck clusters are the IVIACS clusters, 
although the Planck clusters go to lower luminosity. 

Most of the new Planck clusters naturally fall below the 
REFLEX flux limit or, equivalently, the BCS-i-eBCS limit in 
the North. However, three clusters lie well above this limit: 
PLCK G18.7-I-23.6, PLCK G171.9-40.7, PLCK G271.2-31.0, 
in order of decreasing X-ray flux (Fig. |8] and Fig. |9l). As dis- 
cussed above, PLCK G18.7-H23.6 at z = 0.09 has a very bright 
central source and very diffuse ICM emission. It may have 
been misclassified as a point source in the REFLEX survey. 
We also note that this cluster, although not included in the 
ESZ sample, is the brightest X-ray cluster of the sample due 
to its low redshift z = 0.09. PLCK G27 1.2-3 1.0 simply fafls 
in the Large Magellanic Cloud L MC2 region, which w as ex- 
cluded in the REFLEX survey (see lBohringer et aDl200lL Table 
1). However, PLCK G17 1.9-40.7 at z = 0.27 has a flux of 
5.7 X 10"'- ergss"'cm"^ (from fully consistent ROSAT and 
XMM-Newton measurements), and is a northern sky cluster that 
fulfills the BCS flux and sky position criteria. Thus a priori, it 
should have been included in that survey. Finally, six new clus- 
ters at z > 0.3 are above the MACS flux limit. Of these, four 
are not associated with a RASS-BSC source and so could not 
be found in a MACS-like survey, and the other two are at lower 
declination than considered by MACS. 

6.3. Gas morphology and scaled density profiles 

Figure [3] shows [0.3-2] keV XMM-Newton images of the newly- 
discovered clusters. Each image coiTesponds to the same phys- 
ical size in units of Rsm and is corrected for surface bright- 
ness dimming with redshift and divided by the emissivity in 
the [0.3-2] keV energy band. As detailed in lArnaud et al.l (l2002l 
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Fig. 10: Scaled density profiles of the new Planck SZ clusters com- 
pared to those of similar mass systems from the representative X-ray 
samples REXCESS jBohringer e'tani2007l) and EXCPRES (Arnaud 
et al., in prep.). J?5oo is estimated from the Msoo-^x relation of 
lArnaud et alj j2010l) . Thick lines show the mean profile of each sample. 
The density profiles of the Planck SZ-selected clusters are on average 
shallower than those of the X-ray selected clusters of the same mass. 



Sec. 3.2), the emissivity is computed from a redshifted thermal 
model convolved with the instrument response and taking into 
account Galactic absorption. The resulting image is proportional 
to the emission measure along the line of sight, which is then 
scaled by E{z)~Rs(n) according to the self-similar model. The 
colour table is the same for all clusters, so that the images would 
be identical if clusters obeyed strict self-similarity. A first vi- 
sual impression is that low surface brightness, morphologically- 
disturbed objects dominate the sample, which contains very few 
centrally-peaked, cool core-like objects. 

The visual impression is confirmed and quantified when one 
looks at the density profiles of the clusters shown in Fig. (TO] 
They are plotted together with the density profiles of simi- 
lar mass clusters from t he representative X-ra y-selected sam- 
ples REXCESS (z < 0.2: lBohringer et al.ll2007l) and EXCPRES 
(0.4 < z < 0.6; Arnaud et al, in prep.). For all three sam- 
ples, the radii are scaled by R^oq, estimated from the M500- 
Yx relation (Eq. [1]). The thick lines show the mean profile. 
While the two X-ray-selected samples agree to a remarkable 
degree, the PZfl«cA:-selected sample clearly consists of systems 
with much flatter density profiles, and the corresponding mean 
profile is significantly flatter than that of the X-ray selected sam- 
ples. This shape is due to a number of very disturbed clus- 
ters with very flat profiles in the new PZfl«cA:-discovered cluster 
sample. Let us consider the ten clusters with the flattest den- 
sity profiles, flatter than the mean profile Planck cluster pro- 
file and flatter than all the REXCESS profiles. These ten ob- 
jects include PLCK G18.74-23.6 at z = 0.09 discussed above, 
PLCK G286.6-31.3 at z = 0.21 that is just at the REFLEX 
flux limit and PLCK G292. 5+22.0 at z = 0.30 that is just at the 
MACS flux limit (Fig.|9]i- The other seven clusters lie at medium 



redshift, 0.3 < z < 0.45, and are all hot {Tx > 5keV) and mas- 
sive (Msoo > 5 X 10'"* M0) systems. They lie below the flux limit 
of both REFLEX a nd bright MACS for a similar mass range 
dEbeling et al.ll2010l) . Thus Planck appears to have uncovered a 
population of massive, disturbed, low-luminosity systems. 



6.4. SZ flux versus X-ray prediction and mass-proxy ■ 
relations 



mass 



IPlanck Collaboration! (1201 Id) uses XMM-Newton archival data 
to study the relations between the SZ signal and X-ray prop- 
erties such as Fx or the soft band luminosity L500 on a sub- 
sample of clusters from the high signal-to-noise ratio ESZ sam- 
ple. This sample (hereafter the ESZ-XMM-archive sample) is 
SZ selected but by nature only compri ses clusters from X- 
ray sur veys. As discussed extensively in iPlanck Collaboration! 
(!201 id) , the analysis has demonstrated the excellent agree- 
ment between the observed scaling relations and the predictions 
based on REXCESS pressure profiles and numerical simulations 
dArnaud et al.l!2010l) . In Fig.[TT] we have placed the new Planck 
XMM-Newton confirmed clusters on the Y^qq-Yx relations (top 
panels) and the L500-Y500 and Msoq-Lsoq relations (bottom pan- 
els). 

6.4.1. The Ysoo-Yx relation 

The SZ signal, F500, is plotted as a function of the normalized 
Dj^Yx parameter in the left panel of Fig. [TT] The new clusters 
follow the trend observed for the ESZ-XMM-archive and are 
consistent with the REXCESS prediction (blue line). However, 
a slight turnover is observed at low flux, with observed points 
systematically above the predicted relation. This excess is likely 
due to the Malmquist bias. Such a trend is also slightly appar- 
ent for the ESZ-XMM-archive sample but is less important (see 
Planck Collaboration 2011g, for discussion of this effect). The 
low flux clusters span various z values and are redistributed over 
the range of intrinsic Compton parameter As a result there is 
slight positive offset apparent in the D^Fgoo-Jx relation for new 
clusters as compared to the ESZ-XMM-archive sample. 

This suggests that as far as the relation between Y^^q and its 
X-ray equivalent Yx is concerned, the new clusters are similar 
to X-ray selected clusters, although they are more dynamically 
disturbed. This is expected if indeed the pressure is the quantity 
less affected by dynamical state and both Yx and isoo are low 
scatter mass proxies. However, independent mass estimates are 
required to check this point; they cannot be provided by X-ray 
measurements in view of the highly unrelaxed nature of the new 
clusters. 

6.4.2. The Lsoo-J'soo and Mgoo-isoo relations. 

As compared to X-ray selected clusters, the new clusters fall on 
the low luminosity side of the Lsoo-isoo relation (bottom left 
panel of fig. !TTI i. In other words, they are under-luminous at 
given isoo. If the mass is indeed tightly related to Fgoo (or Yx) we 
then expect them to be underluminous at a given mass. This trend 
is consistently observed in the bottom-right panel, where Msm is 
estimated from Yx'- the new clusters fall towards the high-mass, 
low-luminosity side of the Msoo-isoo relation. However, confir- 
mation requires independent mass estimates, e.g., from lensing 

data. 

As shown bv !Pratt et al.l (!2009!) . the underluminous region of 
the L-M plane is populated by morphologically disturbed sys- 



12 




m 



3 
o 



10' 



10° 



Planck-XMM validation 
)K in ESZ sample 
• not in ESZ sample 




Planck ESZ-XMM orchive 
REXCESS prediction 



—I I I I I I I— L 



J I I I I ' ■ ' 



^ 10 




15 



— 1 — 1 — 1 — r-| 1 1 1 1 — 1 — 1 — 1 — r-| 

Planck-XMM validation 
in ESZ sample 
• not in ESZ sample 

* 


— 1 1 — 1 — 

* / 


.+ y 


t 




y 






/ Planck 
^. . . . 1 . . . 


ESZ-XMM 
REXCESS 

1 


archive 
relotion 



10"^ 10"" 

E(z)-^/^ D| Y,oo [Mpc^] 



10" 



10° 10' 
E(z)-'/^ L500, [o.i-2.4]kev [10"" ergs/s] 



Fig. 1 1 : Scaling relations for the 17 new confirmed single-component clusters (red symbols). Black points show clusters in the Planck-ESZ sample 
with XMM-Newton archival data as presented in Planck Collaboration ( 201 ij). The solid black line denotes the corresponding scaling relation fits 
in each panel. The blue lines in the top and bottom right panels denote the predicted Fsoo scaling relations from the REXCESS X-ray observations 
jAmaud et alll201(]h . The blue line in the bottom left panel is the Malmquist bias corrected M—L relation from the REXCESS sample jPratt et al.l 
120091 : lAmaud et alj|2010h . In all fi gures, i?5oo and M500 are estimated from the Mjoo-ix relation of lAmaud et alj l l2010h . Top row: Relation 
between apparent SZ signal (Ksoo, left) or intrinsic Compton parameter (D^Kjooi right) and the conesponding normalised Fx parameter. Bottom 
row: Relation between X-ray luminosity and Ksoo (left) and between mass and luminosity (right panel). The new clusters are on average less 
luminous at a given Fsoo, or more massive at a given luminosity, than X-ray selected clusters. 



tems. This once again suggests that the majority of the new 
Planck-dttscttd systems are disturbed, in agreement with the 
above discussion on the morphology and the scaled density pro- 
files. 

The dispersion of the new clusters about the M500-L500 re- 
lation also seems higher than that for X-ray selected objects. 
This suggests the existence of new extreme low-luminosity, 
high-mass objects that are being revealed by Planck. The two 
prominent oudiers are PLCK G287.0H-32.9 (z = 0.39) and 



PLCK G292.5-I-22.0 {z = 0.3), detected by Planck at high S/N 
values of 10.6 and 6.9, respectively. They belong to the very hot 
(r > lOkeV) and very massive (Msoo > 10'^ M©) cluster cate- 
gory (Table 2) and are the only two clusters associated with nei- 
ther a BSC nor an FSC source (Sec. 16. H and Fig.|8]l. The flux of 
PLCK G292.5+22.0 barely reaches the MACS limit for a mass 
of M500 ~ 9.2 X 10'"^ Mq. It has a very disturbed morphology 
(Fig-EJ and a flat density profile with a scaled central density of 
4x lO-^^cm-3 (Fig.[IOll. 
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Fig. 12: The triple systems PLCK G214.6+37.0 (top) and PLCK G334.8-38.0 (bottom). The left panels show the Planck Ygz map (derived from 
an Internal Linear Combination method) with contours from the XMM-Newton wavelet filtered [0.3-2] keV image (middle panels) overlaid in 
white. The cross marks the position of the re-extraction centre for flux re-analysis. Extended components found in the XMM-Newton image are 
marked with letters (see text and Table|2j- The circles in each XMM-Newton image denote the estimated R^qo radius for each component. The right 
panels show the X-ray surface brightness profiles of the three components for each super cluster (points with uncertainties), and the best-fitting 
/3-model (solid lines) compared to the profile of the Point Spread Function normalised at the central level (dashed lines). 



7. Further analysis of multiple systems 



7.1.2. PLCK G337.1 -26.0 



7. 1 . Double systems 

Two of the new Planck sources (PLCK G308. 3-20.2 and 
PLCK G337. 1-26.0) were revealed by the XMM-Newton vali- 
dation observations to be double systems. X-ray images of these 
systems are included in the gallery in Fig. [3] 



7.1.1. PLCK G308.3-20.2 

Two clusters with quite regular morphology are clearly detected 
in the XMM-Newton snapshot observation for this candidate (de- 
noted A and B in Fig. O. The Planck position is very close 
(1.5') to that of the northern cluster A. This cluster is very hot 
(Tx ~ lOkeV) and massive (Table |2]i. From the X-ray spec- 
troscopy, we estimated its redshift to be z = 0.48. This estimate 
is robust, with a quality flag of 2 as reported in Table |2] The 
second component, B, lies 7' to the South-East of A. The lack 
of statistics prevents us from deriving a sufficiently reliable red- 
shift estimate. Assuming it lies at the same redshift as A, its Yx 
parameter is 6.0 times less than that of A, and its derived mass is 
2.7 times less. Both clusters are seen as well-separated sources 
in RASS: A is associated with a RASS-BSC source; whereas B 
coincides with a RASS-FSC source. 



The distance between components A and B (Fig.|3]l is 8.1'. Both 
have regular morphologies, and exhibit strong Fe K lines, allow- 
ing individual redshift estimation. They are found to lie at two 
clearly different redshifts: zpe = 0.26 for A; andzpe - 0.12 for B. 
A is the hotter of the two with Tx = (6.2 ± 0.2) keV and thus the 
more massive. The Yx of cluster A is 15 times larger than that of 
B, making it the main contributor to the Planck SZ signal. 

The two clusters are seen as separate sources in RASS: clus- 
ter A as a RASS-BCS source; and B as a RASS-FCS source. 
The XMM-Newton emission coincides perfectly with the RASS 
emission in each case. Additionally, the two clusters are also 
found 40' off-axis in a PSPC pointed observ ation of a glob- 
ular cluster, NGC6752 (iJohnston et al.l 11994 . where they are 
lis ted as sources within the globular cluster (sources 1 and 2 
in Johnston et aL's Ta ble 8). Lacking spectroscopic information. 



iJohnston et al. ( 1994h could not specify the exact nature of the 



sources, which they assumed to be of Galactic origin. Note that it 
is not surprising that the sources were not identified as extended 
sources, in view of the large PSPC PSF (90% encircled energy 
diameter of ~ 6') at such off-axis angle. 



7.2. Triple systems 

PLCK G214.6+37.0 and PLCK G334.8-38.0 were included in 
the XMM-Newton pilot programme and are detected in the 
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Planck survey with S/N of 5.0 and 4.1, respectively. The 
wavelet-filtered X-ray surface brightness contours are overlaid 
on the Planck maps in the left-hand panels of Fig. [12] For both 
sources, the XMM-Newton observation revealed three extended 
X-ray components; their extended nature is evident in the surface 
brightness profiles shown in the right-hand panels. 



7.2.1. PLCK G21 4.6+37.0 

The Planck SZ source candidate position is located ~ 5' from the 
two southern components (A and B). A third component, C, lies 
approximately 7' to the North (Fig.[T2l top panels). X-ray spec- 
tral analysis of the Fe K line indicates a redshift of zpe ~ 0.45 
for the brightest component. None of the sources is particularly 
hot, luminous, or massive (i.e. M500 < 2.5 x 10'"* Mq). A RASS- 
FSC source lies in the South-East and its counterpart is easily 
seen with XMM-Newton. It is associated with a point source and 
is unassociated with the SZ emission. 

PLCKG2 14.6+37.0 falls in the SDSS area. We investigated 
the SDSS-DR7 database using refined positional information 
from the XMM-Newton observation. We identified two bright 
galaxies with spectroscopic redshifts of z = 0.45 whose posi- 
tions coincide with the peak of components A and C, respec- 
tively. Furthermore, a bright galaxy with a photometric redshift 
of 0.46 lies very cl ose to the B X-ray pea k. We also ran a 
dedicated algorithm (iFromenteau et al.|l201 ih to search for an 
overdensity of SDSS galaxies at the location of the Planck SZ 
source. While we were unable to differentiate the three sub- 
structures, the analysis suggests the presence of a massive struc- 
ture (~ 10'^ Mq) at z ~ 0.45 around A and B. A further cross- 
correlation with SDSS-DR7 LRGs and the SCs catalogue from 
the SDSS-DR7 (iLiivamagi et al.ll2010l) hints that this triple sys- 
tem is encompassed within a very large-scale structure located 
at z ~ 0.45, and whose centroid lies about 2° to the South (see 
AppendixiBlfor further details). 

Thus there is good agreement between all redshift estimates, 
including the redshift of component A estimated from the XMM- 
Newton observation, the optical SDSS redshifts of the three com- 
ponents, and that of the larger-scale environment. This agree- 
ment strongly argues in favour of a real structure of (at least) 
three clusters, likely forming the core of a larger-scale super 
cluster 



7.2.2. PLCK G334.8-38.0 

Two extended X-ray components separated by 7' are clearly vis- 
ible in the XMM-Newton image (denoted A and B in Fig. [121 
bottom panels). The Planck SZ source candidate position lies be- 
tween and slightly to the south of the components. A third fainter 
component, C, is seen 5 ' to the South. The spectral analysis of 
component A suggests a redshift of zpe ~ 0.35. Although, this 
estimate, based on the Fe L complex detection, has to be taken 
with caution, we adopted it as the redshift for all three X-ray 
components. Despite limited statistics, we derived temperatures 
of (2-3) keV (with large uncertainties for cluster C), suggesting 
masses of (0.5-1) x IO'^^Mq. The only RASS source found in the 
vicinity of the SZ source is clearly not associated with the three 
XMM-Newton components, and coincides with an off-axis point 
source seen in the XMM-Newton image. 



7.3. Comparison of X-ray and SZ properties 

As a first comparison of the X-ray and SZ properties, we sim- 
ply compared the Y^qo Planck measurement with the predicted 
value from the summed contribution of the various components, 
derived from their estimated Yx values. 

For PLCKG308.3-20.2, the predicted summed contribution 
from A and B represents 46% of the total measured SZ signal 
(with 40% from A alone). In the case of PLCK G337. 1-26.0, 
this amounts to 76% of the measured Y^oo (with 62% coming 
from component A). The presence of component B marginally 
enhances the expected SZ signal. As the two clusters are not 
physically connected, no enhanced SZ emission is expected 
from their surrounding (i.e., due to mergers, shocks, etc.). We 
recall that the reconstruction error in the SZ position for Planck 
blind SZ detections is 2' on average (fMelin et al. 201 1). The fact 
that the Planck SZ position lies almost in the middle of the two 
components (i.e. 3.3' and 4.7' from A and B, respectively) is 
probably coincidental. 

The Planck F500 values of PLCK G214.6+37.0 and 
PLCK G334.8-38.0 were recomputed at a fixed 'barycentric' 
position of the three components (black cross in Fig. \T% . The 
sum over the three components of PLCK G214. 6+37.0 yields 
i'soo.pi-ed - 3.2 X 10""* arcmin^, i.e. 25% of the measured value. 
It is 35% of the Icr lower limit of Y500, and consistent within its 
3cr error range. 

In the case of PLCK G334.8-38.0, Fsoo.pred = 1-4 x 
10"^ arcmin^ accounts for only ~ 2 1 % of the measured SZ signal 
and 29% of its Icr lower limit. However, the predicted value is 
consistent within the 3cr error range of the Planck value, that in- 
cludes uncertainties on the structure size. We also note that a for- 
tuitous association between a spurious detection by Planck and 
such an association of extended X-ray sources is quite unlikely. 
Indeed, such a configuration of multiple massive halos either 
physically connected or associated by projection effect is not 
usual, making this source even more puzzling. The formal dis- 
crepancy between the SZ and X-ray signal is likely partly due to 
lack of constraints on the structure size in the SZ measurement, 
even when the position is fixed to the X-ray position. It could 
also be the result of an under-estimate of the structure's redshift. 
Redshift measurements of various components are definitively 
required to assess the nature of this association and the Planck 
source. 

For all systems, the cumulative contribution predicted by the 
Yx measurements does not match the measured SZ signal, al- 
though it is compatible in all cases within the 3cr uncertainty 
on isoo. However, the SZ flux is estimated assuming a single 
component that follows the universal pressure profile, an inad- 
equate approach for these systems. Due to its moderate spatial 
resolution at SZ frequencies (i.e., 5-10'), Planck cannot sepa- 
rate the emission of the two or three components contributing to 
the overall signal. Nevertheless, a proper multi-component anal- 
ysis can be carried out in the future. From the X-ray constraints 
on the system geometry, a spatial template can be built to im- 
prove extraction of the isoo signal for each component. Indeed, 
such a detailed study might allow us to ascertain whether SZ 
or X-ray emission emanates from the regions between the main 
system components. The current XMM-Newton snapshot obser- 
vations are not deep enough to build such an accurate template 
(i.e., measurement of the pressure profiles of the individual com- 
ponents). Together with accurate redshift measurements, deeper 
X-ray observations are needed to derive the pressure profile of 
individual clusters. 
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8. Conclusion and perspectives 

In the framework of an XMM-Newton DDT validation pro- 
gramme, the first 21 new SZ-detected clusters in the Planck sur- 
vey have been confirmed. Six of these were confirmed in an 
initial Pilot programme, the results of which were used to im- 
prove the quality assessment and selection processes of cluster 
candidates. The Pilot programme also clearly demonstrated the 
efficiency of XMM-Newton for Planck candidate confirmation. 
Based on the detection of extended emission, snapshot exposures 
have been shown to be sufficient for unambiguous discrimination 
between clusters and false candidates. Importantly, for redshifts 
at least up to z = 1.5, the spurious association of Planck candi- 
dates with faint extended sources in the position error box can 
be distinguished via a consistency check between the X-ray and 
SZ flux. A further 15 candidates were confirmed in a second 
programme focussed on high S/N detections. The 100% success 
rate above S/N = 5 is the first illustration of the capability of the 
Planck survey to detect new clusters via their SZ signature. 

Except for two clusters, all confirmed single or double clus- 
ters are associated with RASS-BSC or FSC sources. The two 
non-associations are in fact detected in RASS, but at a low S/N 
of 2-3. The presence of significant RASS emission is thus a pos- 
itive indicator of the validity of a Planck cluster candidate in the 
presently-covered z range. However, association with a RASS 
source within the position error box is not, by itself, sufficient 
for cluster candidate confirmation. Two of the false candidates 
in the Pilot programme, as well as one of the confirmed triple 
systems, were each associated with a single RASS-FSC source 
that XMM-Newton subsequently revealed to be a point source. 
Furthermore such spurious association, and also the number of 
real candidates not detected in RASS, is expected to increase 
when probing higher z, i.e., at lower Planck S/N, or later in the 
mission. 

The XMM-Newton validation programme brings clear added 
value to simple candidate confirmation. The X-ray flux measure- 
ment and refined position is essential information for optimisa- 
tion of deeper follow-up observations for detailed X-ray studies. 
The refined position is also useful for optical follow-up, such 
as for redshift measurements. Importantly, the determination of 
the exact cluster centre and extent allows a refined estimate of 
the SZ flux from Planck data. For the X-ray brightest objects, 
XMM-Newton can directly provide the source redshift from the 
Fe K line in the spectrum. For the present sample of confirmed 
candidates, 17 of 27 individual clusters (including those in mul- 
tiple systems) have high quality redshift measurements. The new 
clusters span the redshift range 0.09 < z < 0.54, with a median 
redshift of z = 0.37. 

In addition, the XMM-Newton validation programme has 
provided a preview of the properties of the new clusters that 
Planck is discovering. Of the 21 confirmed candidates, 17 are 
single clusters, most of which are found to have highly irregular 
and/or disturbed morphologies (i.e. ~ 70% from visual check). 
Two more confirmed candidates were revealed to be double sys- 
tems, one of which is a projection of two physically indepen- 
dent clusters at different redshifts. More unexpected are two fur- 
ther newly-discovered triple systems that were not resolved by 
Planck. One of these is a true cluster association at z ~ 0.45, as 
confirmed both from the XMM-Newton data and in our subse- 
quent analysis of SDSS data. It likely forms the core of a larger- 
scale supercluster, and is the first supercluster to be discovered 
via the SZ effect. Theoretically, the SZ signal from such a super- 
cluster is expected to arise from the sum of the signal from the 
individual clusters, plus a possible additional contribution from a 



filamentary inter-cluster gas structure, the existence of which has 
not yet been observationally proven. This Planck-XMM-Newton 
discovery may open the way to constrain the existence and prop- 
erties of such filamentary matter, via deeper combined Planck 
SZ and X-ray studies. The current XMM-Newton snapshot ob- 
servations do not allow conclusive comparison between the SZ 
and X-ray signals. Deeper observations are needed, sufficient to 
determine the pressure profile of individual subclusters. 

The Planck SZ survey has already started to complement ex- 
isting X-ray surveys, particularly above z ~ 0.3. Notably, it is 
finding new clusters below the flux limit of catalogues based on 
extended RASS source detection, such as the REFLEX survey, 
and new clusters brighter than the flux limit of the MACS sur- 
vey above z - 0.3. Such discoveries are due to a combination 
of larger effective sky coverage and the intrinsic limitations of 
a RASS-based cluster survey. In practice, surveys considering 
extended RASS sources, such as REFLEX, have a higher flux 
limit than that corresponding to Planck's sensitivity. By con- 
sidering RASS-BSC sources without extent criteria, the MACS 
survey reaches a lower flux limit, at the price of extensive op- 
tical confirmation follow-up that does not cover the whole sky. 
Furthermore, the RASS-BSC detection algorithm was primarily 
designed for point source detection and can miss very diffuse 
sources similar to the clusters with flat morphology that Planck 
is revealing. Four of our confirmed clusters are above the MACS 
limit but are not associated with a RASS-BSC source. 

For the single-component clusters, we have been able to de- 
rive the first estimates of their physical properties such as L500, 
Fx (with Msoo estimated using Yx as a mass proxy), and den- 
sity profiles. These properties suggest that the new clusters are 
massive, dynamically-complex, objects. These SZ-selected ob- 
jects have, on average, lower luminosities, flatter density pro- 
files, and a more disturbed morphology than their X-ray selected 
counterparts. As a result, the dispersion around the M-L rela- 
tion may be larger than previously thought, with new clusters 
Hke PLCK G292.5-H22.0 at z = 0.3 barely reaching the MACS 
flux limit for an estimated mass of M500 ~ lO'^ Mq. This sug- 
gests that there is a non-negligible population of massive, dy- 
namically perturbed (merging) clusters that do not appear in all- 
sky X-ray surveys. Furthermore, as the bulk of cluster cosmol- 
ogy is currently undertaken using X-ray-selected samples, the 
lack of these clusters may have implications for measures of the 
cosmologically-sensitive exponential end of the mass function. 

The above preview of newly-detected Planck cluster proper- 
ties must be confirmed with deeper, multi-wavelength, follow-up 
observations. Such observations include optical redshift confir- 
mation (see the ENO observations presented here), detailed pres- 
sure profiles from deeper XMM-Newton observations and mass 
estimates. The latter require the combination of lensing, optical 
and X-ray data, in view of the highly unrelaxed nature of the 
objects. 

Continuation of the confirmation of Planck candidates and 
the characterisation of the Planck selection function constitutes 
a major effort, and requires a good understanding of the proper- 
ties of the newly-discovered clusters. As we have shown in this 
paper, XMM-Newton can play a major role in this process. The 
XMM-Newton validation programme is presently ongoing. It is 
currently focussed on Planck detections both in the S/N > 5 
range and at lower S/N, thus potentially leading to the discovery 
of more distant clusters. 
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Fig. A.l: RGB colour-composite image of the optical counterpart of 
cluster PLCK GlOO.2-30.4, as obtained with the IAC80 telescope. 
R,G,B colours are g, r and /-band Sloan filters, respectively. Although 
the IAC80 field of view is 7', this image is trimmed to 4.8' x 2.7', and 
is centred at the XMM-Newton counterpart (white iso-contours). Red 
galaxies defining the red-sequence of the cluster are clearly seen at the 
centre of the image. 



Zacchei et al. 20 11, Planck early results V: The Low Frequency Instrument data 

processing (Submitted to A&A, [arXiv:astro-ph/1101.2040]) 
Zhang, Y., Bohringer, H., Finoguenov, A., et al. 2006, A&A, 456, 55 



Appendix A: Redshift determination based on 
optical counterparts 

A.1. PLCK G1 00.2-30.4 

We observed PLCK GlOO.2-30.4 with the CAMELOT camera 
on the 0.82-m IAC80 telescope at the Observatorio del Teide 
(Tenerife, Spain), as part of a validation campaign for newly de- 
tected Planck clusters that started in semester 2010 A. We ob- 
tained four images in the Sloan g, r, i and z-bands, all centred at 
the location of the Planck cluster candidate, with a field of view 
of 7' and a pixel scale of 0'.'304. The integration time achieved 
in each filter was approximately 3 ksec, yielding a limiting mag- 
nitude of 22.9, 21.7, 20.1 and 20.2 for g, r, i and z, respectively, 
for a 6(T detection. 

Image data reduction was undertaken using standard iraf 
routines. The source detection, catalogue extraction and pho- 
tometry measurem ents on the processed im ages were performed 
using SExTRACTOR (iBertin & Arnoutslll996h . Sources were iden- 
tified independently in the four bands using a 1 .5cr SExtractor 
detection threshold in the filtered maps (i.e. equivalent to S/N~ 
3). The colour-composite image of the g, r and / filters (see 
Figure lA.lb clearly shows an excess of red galaxies at the lo- 
cation of the X-ray detection. 

We have obtained phot ometric redshi fts for all galaxies in 
the field using the bpz code (lBenftezll206ol) . We use the photom- 
etry information from the g, r and i-bands, as they provide more 
reliable redshift estimates. From the final galaxy catalogue, we 
identify eight galaxies located within a radius of 1.5' from the 
peak of the X-ray emission which all have a photometric redshift 
estimate of about 0.38. Based on this information, we estimate 
the photometric redshift of the cluster to be Zphot — 0.38 ± 0.04. 




Fig. A.2: Reduced images for PLCK G285.0-23.7, based on archival 
data. Top: Combined V and R-band images taken from ESO archives 
(SUSI2 data). Bottom: Combined F814W and F606W images taken 
from WFPC2 archival data. The XMM-Newton iso-contours are over- 
laid. 



A.2. PLCK G285.0-23.7 

After a detailed search in the ESO archiv^ of all existing ob- 
servations within 5' around the location of PLCK G285.0-23.7, 
we found ten images taken with SUS12 and three spectra taken 
with EMMl, all obtained at the ESO-NTT 3.5m telescopeQ The 
first panel in Figure lATSl shows the resulting colour composite of 
the central region of this cluster, based on V (1600s) and R band 
(1680s) images with the SUSI2 instrument at NTT. 

Publicly-available WFPC2 images for this region also ex- 
ist in the HST archiv^ The second panel in Figure IA.2I shows 
the reduced colour composite based on the F814W and F606W 
filter images. Both images have an integration time of 1200 s. 
From the colour-redshift relation for those images, we derived a 
redshift for this cluster of z ~ 0.37. 



^ http://archive.eso.org 

http://www.eso.org/sci/facilities/lasilla/telescopes/ntt/ 
' http://archive.eso.org/wdb/wdb/hst/science/query 
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Fig. A.3: Reduced spectrum for PLCK286.0-38.4, based on the EMMl 
data obtained from ESO archives. A cross-correlation analysis yields a 
redshift of z = 0.307, which is consistent with the preliminary estimate 
of the two absorption features Hj6 and Mg I which are also indicated in 
the figure. 



A3. PLCK G286.3-38.4 

After a detailed search in the ESO archive of all existing ob- 
servations within 5' around the location of PLCK G286.3-38.4, 
nine images (NTT/SUSI2), and three spectra (NTT/EMMI) were 
found. The spectroscopic data from NTT/EMMI are associ- 
ated with a proposal to characterise the optical counterpart 
of a potential galaxy cluster associated with the X-ray source 
RXJ0359.1-7205. 

We undertook data reduction of the three EMMI spec- 
tra using standard iraf routines. Fig. IA.3I shows the com- 
bined final spectrum. Although this spectrum has a very low 
signal-to-noise ratio, a preliminary redshift estimate could be 
obtained from cross-correlating the reduced spectrum with a 
reference template spectrum for an early-type galaxy (taken 
from http://www.arcetri.astro.it/~k20/), using the iraf routine 
FxcoR. The derived redshift estimate is z = 0.307 + 0.003, al- 
though the significance of the cross-correlation peak is very 
low. Nevertheless, this redshift estimate is apparently compati- 
ble with the preliminary identification of two absorption features 
(Hp and Mg-I) in the reduced spectrum (see Fig. IA.3b . which 
gives us more confidence in the result. 

Appendix B: Search for large scale structure in the 
field of PLCK 0214.6+36.9 using SDSS 

We searched for superclusters in the direction of 
PLCK G214.6+36.9 by calculating the luminosity density 
field of the spectroscopic sample of luminous red galaxies 
(LRG) from the SDSS DR7. To correct for the finite width 
of the survey magnitude window, galaxy luminosities were 
weighted. Superclusters are delineated by an appropriate lu- 
minosity density level. For the LRG superclusters, we set this 
level at 3.0 times the mean density. This level was obtained by 
comparing the SDSS main galaxy sample superclusters with 
those in the LRG sample in the volume wher e these samples 
overla p. The procedure is explained in detail in lLiivamagi et al.l 
(I2010h . 

The best candidate is a superc luster containing 10 LRGs with 
a mass centre at RA=137°5, Dec=13°6, lying at z = 0.45. Since 
each LRG likely indicates the presence of a galaxy cluster (like 
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Fig.B.l: Projected luminosity density map for the best supercluster 
candidate. The X-ray sources are marked by triangles, the SZ source by 
the cross. The minimum density level and the level step are 10" Lq per 
square degree. 



the two LRGs that lie in the observed X-ray clusters) the su- 
percluster is likely to contain 10 clusters. The estimated total 
luminosity of the supercluster is 3 x 10'^ Lq, the maximum ex- 
tent about 70h"' Mpc. The co-moving distance along the line- 
of-sight between the two LRGs hosted by the X-ray clusters is 
about 4.1/2"' Mpc. Using a M/L value of 200 (in solar units), 
the total mass of the supercluster is about lO'^M©. This super- 
cluster is typical among other LRG superclusters at that dis- 
tance. Fig. [T2l shows the projected luminosity density contours 
of the candidate supercluster, together with the location of the 
PLCK G2 14.6+36.9 and the X-ray clusters. 
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